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Introduction

Initial steps to restore Atlantic cod, Gadus morhua, spawning populations along the Maine
coast have been completed including the development of technology to raise cod from the egg
stage in hatcheries and the delineation of historical cod spawning areas. The next step in the
restocking experiment is to identify suitable habitat for larval and juvenile cod and to discharge
hatchery reared and marked fish into waters that provide the highest potential for survival of the
released fish. Factors important to the survival of larval and juvenile cod include bathymetry,
surficial geology of the sea bottom, circulation within embayments, and the spatial and seasonal
pattern of temperature and nutrients. It is important to groundtruth these observations by
determining the present distribution and abundance of larval and juvenile cod within Penobscot
Bay. To that end, we conducted field sampling to collect larval and juvenile cod and hydrographic
data at selected locations based on the recently generated maps of historical cod spawning areas in
Penobscot Bay. Part 1 of this report deals with the larval survey and Part 2 with the juvenile

survey.

Part 1. Larval Survey
Methods

For the larval survey our efforts were concentrated in the vicinity of the historic spawning
grounds within Penobscot Bay recently compiled by Ames (1996). These include: areas northeast
of North Haven, between Isleboro and Northport, south of Sears Island and Cape Jellison, off of
Castine, southeast of Cape Rozier and east of North Haven. Sixteen ichthyoplankton stations
(Fig. 1, Table 1) were selected to encompass the bay. Six stations (Al - A6) were located in the
western portion of the bay between Isleboro and the mainland extending from off Rockland to
adjacent to Marshall Point. Six stations (B1 - B6) were located in the central portion of the bay
from off of Mark Island to Sears Island. Four stations (C1 - C4) were located around North
Haven and Vinalhaven.

Seven two or three-day larval fish surveys (PBI - PBVII) were conducted biweekly from
April through June 1997 to coincide with known spawning times for Atlantic cod. Data collection
involved towing a 1.0 m plankton net with 333 micron mesh and collecting CTD (conductivity,
temperature and depth) data at thel6 stations during daylight hours (Fig. 1). At each station, a
CTD cast was made followed immediately by a plankton tow. The meter net was fit with a flow



meter and hauled for 20 minutes in stepped oblique fashion at a speed of two knots, at the
surface, at 10 m and at 20 m or to within five meters of the bottom. Larvae were preserved in
buffered formalin for later identification by the Atlantic Reference Center of the Huntsman Marine
Biological Laboratory in St. Andrews, New Brunswick and for quantitative determination of
larval fish densities (number of larvae per 100 m’ filtered).

Results

A total of 102 1.0 m plankton net samples and CTD (conductivity, temperature, depth)
measurements were collected during biweekly sampling between April 4 and June 25, 1997 in
Penobscot Bay (Table 1). All sixteen stations were sampled on five of the seven sampling trips,
however, inclement weather (wind speeds > 25 knots) during the first week of April (4 - 7, PBI)
and in late April - early May (April 29 - May 1, PBIII) limited the number of stations that could
be sampled during these trips to 10 and 12, respectively (Table 1). The CTD meter was deployed
at each station, however, probe malfunction limited a complete data series to three sampling trips
(PBIII, PBIV and PBVI). On the other five sampling trips, eight of 12 CTD measurements were
collected during PBI, 15 of 16 during PBII and PBVII, and 10 of 16 during PBV(Table 2). CTD
data are presented in Data Appendices, Tables 3 - 9 and on disk as csv files.

The number of cubic meters of water strained per 20 minute tow varied from 137.5 -
755.7 m® depending on station location (Fig. 2, Table 3) and sample date (Fig. 3). Likewise, the
distance towed varied with sample date and station location and ranged from 222 - 962.7 m.

Results from sorting and identification of the plankton net samples (n = 102) yielded 23
species of fishes (Tables 4, 5). A total of 779 larvae were collected over the seven sampling trips.
The most abundant larvae collected were radiated shanny (Ulvaria subbifurcata), sand launce
(Ammodytes sp.), winter flounder (Pleuronectes americanus) and seasnail (Liparis atlanticus).
Abundance and location data are presented in tabular form in Data Appendices, Tables 1 - 2, and
on disk as csv files. Densities of all larvae combined ranged from 2.01 larvae per 100 m® in mid
May (PBIV) to 11.80 larvae per 100 m® in late June (PBVII, Fig. 4). The high larval densities in
late June were a result of the large densities of radiated shanny (Ulvaria subbifurcata) collected at
the lower Bay stations.

Densities of individual larval species were of interest. The sand lance (Ammodytes sp.)
densities ranged from O to 4.18 per 100 m® and were most abundant at the upper bay stations (A4
- A6, B3 - B6) and from early April (PBI) until late May (PBV, Fig. 5). They were absent from
the larval collections PBV - PBVIL. Winter flounder (Pleuronectes americanus), an important
commercial species, were collected in densities up to 1.72 larvae per 100 m* and occurred in
larval collections from late April (PBIIT) through late June (PBVII, Fig. 6). Most winter flounder
larvae were collected at mid Bay stations (B1, B3, B5, B6, C2). The radiated shanny (Ulvaria
subbifurcata) were the most abundant larvae in Penobscot Bay and densities ranged up to 9.07
larvae per 100 m® (Fig. 7). Most of these larvae were collected during June (PBVI and PBVII)
and at lower bay stations B1, C1 and C4. Cod (Gadus morhua) larvae were very rare during the
larval survey since only a single individual (total density = 0.03 larvae per 100 m3) was collected
during the survey (Fig. 8). It was collected early on an ebbing tide at the most seaward station, C1



(lat 44.05.91, long 68.59.56), located between Owls Head and Vinalhaven on April 16, 1997
(PBII). It was Smm NL and about 6 - 12 days old. The fact that this larvae was collected at the
most seaward station in our survey suggests that it did not originate within Penobscot Bay. Table
6 compares our larval survey species list with four other inshore locations along the Maine coast
including the upper Sheepscot estuary (Shaw 1981), the mouth of the Sheepscot estuary
(Chenoweth et al. 1986) and Damariscotta River and Sullivan Harbor (Townsend 1984).

An extended spawning season was observed for many of the common larvae collected in
Penobscot Bay (Table 7, Fig. 9). Four species, winter flounder (Pleuronectes americanus), rock
gunnel (Pholis gunnellus), sea raven (Hemitripterus americanus) and seasnail (Liparis atlanticus)

were collected on six of the seven sampling trips and one species (sand launce, Ammodytes sp.),
occurred on five dates. Winter flounder were present from mid April (PBII) - late June (PBVII),

sand launce occurred from early April (PBI) to late May (PBV), peaking in abundance in mid
April (PBII), and radiated shanny (Ulvaria subbifurcata) occurred from mid May (PBIV) - late
June (PBVII). Eight species were only collected during a single sampling trip including four of the
six species of fish larvae originating from pelagic eggs (Table 7). However, one species with
pelagic eggs, American plaice (Hippoglosoides plattesoides) occurred during all seven sampling
periods. The total length of most species was remarkably constant over the survey (Table 7). For
example, collected winter flounder larvae were 2 - 4 mm during mid April (PBII) and 2 - 6 mm
during late June (PBVII) indicating successive spawning events. This may be due to most larvae
from demersal eggs settling out of the water column and pelagic-egg larvae being displaced out of
the bay during the two weeks between sampling trips. Plankton volume ranged from three to 210
cc per liter and generally was greater from early - mid April (PBI and PBII, Fig. 10) with a
secondary peak in abundance observed in late June (PBVII). Greatest plankton volumes occurred
at the lower bay stations B1, C1, C3 and C4 (Fig. 11).

Larvae from demersal eggs dominated the catches for the majority of the survey (Fig. 12),
but there was an increase in the number of larvae originating from pelagic eggs in June. Only one
or two larvae from pelagic eggs were collected from early April (PBI) through early June (PBVI).
However, five of eight species of larvae collected in late June (PBVII) originated from pelagic
eggs. Overall, most species of larvae collected in Penobscot Bay hatched from demersal eggs

(70%) compared with pelagic eggs (26%). The number of larvae from demersal eggs dominated
the catch at all stations (Fig. 13).

Discussion

The results of our Penobscot Bay larval survey compare well with other nearshore
ichthyplankton surveys of the Maine coast including the upper Sheepscot estuary (Shaw 1981),
the mouth of the Sheepscot estuary (Chenoweth et al. 1986) and Damariscotta River and Sullivan
Harbor (Townsend 1984). Cod larvae were uncommon (1 larvae/284000 m'), a not wholly
unexpected result since cod larvae were rare (Shaw 1981) or absent from other recent
ichthyplankton surveys (Chenoweth et al. 1986, Townsend 1984) of nearshore Maine waters
(Table 6). Shaw (1981) reported only 26 cod larvae taken during almost nine years of
ichthyoplankton work in the upper Sheepscot estuary while no cod larvae occurred at the other



three locations sampled in the latter two studies. Although historically an inshore spawning
population of cod were known to utilize Sheepscot Bay in May and June (Perkins 1982), their
eggs did not remain long in Sheepscot Bay and very few larvae were taken in 1984 and 1985
(Chenoweth and Perkins 1989). There was a downward trend in cod egg production in Sheepscot
Bay from 1983 (200 eggs/100 m’) to less than 40/100 m’ in 1985 and larval production also
declined from 5 larvae/100 m® in 1983 to less than 1/100 m’® in 1985, The life history strategies
employed by species of fish during the development of their eggs and larvae are varied and of
critical importance to their survival. Cod may have been rare in Penobscot Bay due to their
reproductive ecology, particularly the fact that their eggs and larvae are pelagic and this will be
discussed below. Although cod were the focus of this survey, good information was obtained on
the abundance and distribution of other late winter to early summer spawned species of fish within
the bay. Penobscot Bay lies between a coastal shelf to the east on which strong tidal mixing
prevails while to the west the coastal shelf exhibits more fresh water run-off and vertical
stratification with a seasonal southwesterly net current flow along the coast connecting the two
hydrographic regimes. Penobscot Bay, therefore, provides a connection to open ocean and
estuarine habitats for the development of fish eggs and larvae, and thereby an opportunity for fish
species to diversify their survival strategies during early development.

A general discussion of the larval fish ecology based on Chenoweth (1988) follows.
Within the Gulf of Maine, Bigelow (1926) recognized the significance of the coastal shelf for the
production of fish larvae noting that most larvae caught in his plankton tows came from the
coastal belt out to about the 200 meter contour. He also observed that their drift was generally to
the southwest and that their abundance increased progressively to the west with few larvae
observed in eastern Maine and the Bay of Fundy. His studies were followed by other surveys
which defined the composition of the larval fish fauna of the Gulf of Maine (Fish and Johnson
1937, Marak 1960, Marak and Colton 1961, 1962). In addition, there have been numerous
ichthyoplankton studies in certain nearshore Maine locations, ie. the Sheepscot and Damariscotta
estuaries, which were for the most part confined to sampling areas well within the headlands
(Chenoweth 1973, Graham 1972, Hauser 1973, Shaw 1981, Laroche 1982, and Townsend 1981,
1983, 1984). There has also been an unpublished study (Chenoweth et al. 1986) in Sheepscot Bay
of what might be called a "transition zone" between the estuaries and open Gulf waters. This zone
is located at the mouths of estuaries and embayments out to the coastal islands. Little historical
ichthyoplankton information exists for Penobscot Bay.

The ichthyoplankton community of Penobscot Bay is similar to other coastal estuaries in
the Gulf of Maine and the northwest Atlantic Ocean. Pearcy and Richards (1962) first noted that,
with a few exceptions, the Mystic River Estuary was inhabited by two types of larval fish. Larvae
that hatched from demersal eggs dominated the catch within the estuary, while larvae that hatched
from pelagic eggs were more common at the mouth of the estuary. The time of peak abundance
also differed. The abundance of larvae from demersal eggs peaked in the winter-spring period
while that of larvae from pelagic eggs typically peaked in the summer, Likewise, Able (1978)
observed that the St. Lawrence estuary was almost exclusively inhabited by larvae that hatched
from demersal eggs, primarily cottids, stichaeids, winter flounder, and herring and that the larvae
from pelagic eggs were merely strays within the estuary.



Domination of the ichthyofauna by larvae from demersal eggs holds for Penobscot bay and
other Maine embayments and estuaries as well. The species composition from our Penobscot Bay
survey and those of the upper Sheepscot (Shaw 1981), the mouth of the Sheepscot (Chenoweth
et al. 1986), and the Damariscotta River estuary (Townsend, 1981, 1984) and Sullivan Harbor
(Townsend, 1984) shows that larvae from demersal eggs dominated the larval fish fauna within
these areas. Sixteen of 23 species (70%) of larvae collected in this study were from demersal
eggs. Twenty-six species of larvae were taken in the mouth of the Sheepscot with a comparatively
large number of pelagic egg species (41%) relative to demersal egg species, as might be expected
in an area strongly influenced by coastal water. In upper Sheepscot Bay, 42 species of fish larvae
were taken, but this relatively high number reflects the long time series (nine years) of this survey
and the inclusion of several coastal species that were rare in the total catch. Even so, these catches
were dominated by demersal egg laying species (76%). In the Damariscotta estuary and Sullivan
Harbor, there were 22 kinds of fish larvae caught, but only one species (<1%) was from pelagic
eggs (Townsend, 1981, 1984). Lee (1975) did not take any pelagic egg species in his samples of
the Damariscotta estuary. It is possible that the greater dominance of demersal egg species in the
Damariscotta is due to the constriction of the headlands near the mouth-of the estuary that limits
the influence of coastal water, although Townsend's sampling also did not extend far into the
summer when the pelagic-egg larvae become more abundant.

Egg type has major implications on larval fish ecology. Chenoweth (1988) stated the most
obvious difference in reproductive strategies of fish along the central Maine coast was whether
they produce pelagic or demersal eggs. There are major differences in size at first hatch, and egg
diameter between the species in Gulf of Maine that lay pelagic eggs and those that lay demersal
eggs. The larvae from pelagic eggs typically hatch at a relatively small size from relatively small
eggs and during the warmer months of the year. On the other hand, the larvae from demersal eggs
generally hatch at relatively larger:size from large eggs and in the colder months of the year. The
characteristics of ichthyoplankton in Penobscot Bay, then, follow very closely those reported for
the Mystic Estuary by Pearcy and Richards (1962) and for the St. Lawrence estuary by Able
(1978). Coastal shelf spawners such as cod, fourbeard rockling(E. cimbrius), American plaice (H.
plattesoides), and cunner (T. adspersus) lay pelagic eggs that may be dispersed over a wide area
according to the counterclockwise current flow in the Gulf of Maine (Sherman et al. 1984).
Nearshore spawners such as winter flounder (P, americanus), rock gunnel (P, gunnellus), cottids
(Myoxocephalus sp.), stichaeids (U. subbifurcata), and herring (C. harengus) lay demersal eggs,
and depend on protected areas of the coastline for nursery areas. The advantage of demersal eggs
to species that depend on nearshore areas is that transport during the completely passive egg
stage is eliminated and the larvae hatch into the landward moving bottom layer (Pearcy and
Richards 1962, Norcross and Shaw 1984) :

Pelagic eggs are generally small and the larvae are poorly developed when they hatch
(Houde 1978). They depend exclusively on yolk reserves for a week or two before they begin
active feeding, so initial feeding success is critical to survival. Cod, and many other species are
pelagic egg layers whose larvae hatch at a relatively small size and require a short period after
hatching to fully develop and begin active feeding. These larvae seem to require relatively high
food concentrations during the first few days of life and that the highest concentrations of food
occur during the warmer months. Fish that produce pelagic eggs therefore produce many eggs



and locate them in areas and at times when the concentration of food is potentially the highest
(Chenoweth 1988). As a rule, demersal eggs are relatively large and the larvae that hatch from
them are large and robust with well developed eyes, mouths and guts. When they hatch they are
mobile and ready to begin feeding. It does not appear that the larvae from demersal egg layers
demand high food concentrations for survival. They seem to be better able to capture prey and
able to ingest a wider variety of prey than larvae that hatch from pelagic eggs. Most of these food
items (ie. barnacle and fish larvae) were much larger but less abundant than the copepod nauplii
used by larvae from pelagic eggs and found later in the year. It appears that the winter-spring
larvae that hatch from demersal eggs are opportunistic and take advantage of what is available to
them at the time, which are larger, but less abundant food organisms than those available to larvae
that hatch from pelagic eggs during the warmer months (Chenoweth 1988).

The spawning times of marine species in temperate waters appear to be timed to take
advantage of the seasonal production cycle of plankton (Cushing 1970, Baganel 1971, Quasim
1956). There is ample evidence of this along the Maine coast where phytoplankton production
begins between January and April in the southwestern Gulf of Maine and proceeds eastward along
the coast, followed by the production of zooplankton (Bigelow 1926). Fish and Johnson (1937)
noted that larval fish populations adapted their spawning times to this production cycle and thus
spawned later in the east than the west. Species of fish that lay pelagic eggs appear to use this
particular strategy to optimize the food levels available to their larvae at hatching and during the
early stages of their development. Chenoweth (1988) discussed an interesting example of delayed
spawning in the the cod stocks in the western Gulf of Maine that illustrates this theory. There is a
well documented spawning cycle (Bigelow and Schroeder 1953, Fish 1928) for cod which begins
in January - February in Massachusetts Bay, in March and April around Cape Ann but as late as
June for a group of cod that spawned year after year in Sheepscot Bay (Perkins 1982). The peak
egg production of cod in the Sheepscot in June is followed in July by the maximum abundance of
cod larvae, which again seem to be generally timed to the maximum production of copepod
nauplii. However, in producing larvae during the summer the Sheepscot cod may be pushing their
temperature tolerances since cod generally prefer cold water and move away from the coast
during the warm summer months into deeper water and their eggs also have a low tolerance for
warm water. By June, when cod spawning in the Sheepscot peaks, the surface temperatures in
Sheepscot Bay are at or above 12°C, temperatures lethal to their eggs, and well above it to the
west, where cod eggs and larvae from the central Maine coast are supposed to drift (Schroeder
1930). But any larvae thus produced would have the advantage of a relatively abundant food
supply for their early development although there is considerable year to year variability in
precisely when plankton production occurs (Townsend 1981, 1984). Some demersal egg laying
species also may utilize a protracted spawning strategy to take advantage of brief and variable
bursts of a particularly nutritious food supply. Townsend (1981) has shown that the rock gunnel,
Pholis gunnellus, larvae were present in the Damariscotta estuary for three or four months and
suggested that by extending the hatching period this species would be able to maximize the
likelihood of co-occurring with abundant food. This may be a common feature of other demersal
egg laying species whose larvae are present in the winter-spring period when food may be
relatively sparse.



Species of fish larvae behave differently in the water column (Fortier and Leggett, 1982,
1983, Graham, 1972, Shaw, 1981, Able, 1978, Norcross and Shaw, 1984). The contrast in larval
mobility between pelagic and demersal egg laying species is obvious. Strong swimming by larval
fish does not start until active feeding begins (Fortier and Leggett, 1982), therefore the delayed
initiation of feeding by larvae from pelagic eggs means these larvae will drift passively in the water
for a week or two. Cod, on the other hand, appeared to drift passively near the surface and tended
to be flushed out of the St. Lawrence estuary (Able 1978). Therefore, it seems likely that any cod
larvae that originate within the Penobscot Bay would be flushed out of the system since surface
net current flows would move them into nearshore waters. On the other hand, precocious larvae
from demersal eggs will become mobile almost immediately after hatching, which allows them to
adjust their position in the water column and maintain themselves in the nearshore environment.
Chenoweth (1988) discussed the contrast in larval distribution between cod and herring in the
Sheepscot that illustrates different behavioral adaptations to planktonic transport. Both species
spawn along the Maine coast, cod right in Sheepscot Bay and herring at various locations to the
east of Penobscot Bay. The pelagic cod eggs are taken in abundance in the Sheepscot but the
larvae are rarely taken within the headlands. Herring, on the other hand, hatch from demersal eggs
at some distance from the Sheepscot, yet they are one of the most abundant species of larval fish
in the upper Sheepscot estuary. Behavioral strategies of these fish larvae could well prove to be
the most important survival mechanism employed during early development.

We will focus our ichthyoplankton survey in the spring of 1998 from mid March - early
May on the seaward portion of the Bay (stations Al - 2, Bl - 2, and C1 - 4) and with the addition
of one station offshore of both stations C1 and C4 in an effort to collect more cod larvae.

Part 2. Juvenile Survey
Methods

Our Penobscot Bay juvenile survey was based on juvenile cod, Gadus morhua, utilizing
shallow inshore habitats for resting or feeding as seen in many areas of the North Atlantic
including Sweden (Pihl 1982), Russia (Girsa and Zhuravel 1983), the lower Bay of Fundy
(Macdonald et al. 1984), Newfoundland (Clark and Green 1990, Keats 1990, Keats and Steele
1992) and Scotland (Gibson et al. 1993, 1996). Extensive sampling for juvenile fishes in shallow
mhtndaihab:tﬂsthrmgbuanubmtB:yhegmmAugust 1997 and continued into September.
Regular sampling was conducted with a beam trawl in a variety of habitats characteristic of the
Penobscot Bay system. Sample station locations are shown in Fig. 14 and described in Table 8. A
1.0 m beam trawl was used to make qualitative or representative collections of decapod
crustaceans and fishes. Fourteen shallow subtidal (< 20m) stations with towable bottom were
selected and sampled during daylight hours over the period from August 25 to 27. In September,
three stations were sampled after dusk each night on September 2 and 3, and on September 9 and
10. At each location, three replicate two - five minutes tows were made with a small beam trawl
(0.3 cm codend mesh) to increase the likelihood of capturing rare species. Replicate samples were
kept separate, sorted live, and discarded except for species of particular interest, which were
preserv:ii in 10% formalin. All decapod crustaceans and fish were identified, counted and
measured.



Results

Our comprehensive sampling with a beam trawl (78 tows) during August and September
1997 captured over 8129 organisms, including 202 fishes and 7927 decapods. Fish and decapod
species richness and catch per tow (natural log of abundance), compared by habitat, are included
in Figs. 15 and 16, respectively. The sand shrimp, Crangon septemspinosa was the most abundant
species followed by the green crab, Carcinus maenas, and Pandalid shrimp (Tables 9, 10). The
grubby (Myoxocephalus aenaeus) winter flounder (Pleuronectes americanus) and three spined
stickleback (Gasterosteus aculeatus) were the most abundant fishes. No juvenile cod were
collected in day or night tows and only one gadoid species, a white hake (Urophycis tenuis) was
collected.

Over the limited sampling period (August and September), 16 species of fishes and five
species of decapod crustaceans were collected. Both the decapod and fish faunas were dominated
by a relatively few species, but the temporal and spatial pattens of abundance varied
considerably. In the beam trawl collections, four fishes, the grubby (Myoxocephalus aenaeus),
lumpfish (Cyclopterus lumpus), winter flounder (Pleuronectes americanus), and the three-spined
stickleback (Gasterosteus aculeatus), made up 72.3% of the total fishes collected. Decapod
crustaceans in trawl collections were dominated by sand shrimp (Crangon septemspinosa) and
green crab (Carcinus maenas) which together made up 95.5 and 2.3%, respectively (Table 10).

The patterns of fish and decapod species occurrence and abundance as reflected in trawl
collections, varied between habitats (Table 11). The number of fish species ranked highest over
sand, followed by collections in eelgrass and gravel (Fig. 15). In contrast, the eelgrass areas
harbored greater number of decapod species followed by cobble. However, effort was also
greatest over sand (33 tows) compared with gravel and cobble (12 tows each). Fish were most
abundant (catch per tow) in eelgrass, followed by collections over sand (Fig. 16). Fish were much
less abundant over cobble substrates. Similarly, the sand substrate harbored an order of magnitude
greater abundance of decapod crustaceans, with cobble, gravel, and eelgrass all ranking much
lower.

The habitat specific patterns for fish species can be discerned by examining the collections
from each station/habitat (Table 11). The high number of species (6) observed in the sand habitats
are the result of the collection of rarer species, ie. cunner (Tautogolabrus adspersus), Atlantic
silverside (Menidia menidia), and ninespined stickleback (Pungitius pungitius) through increased
effort at the Saturday Cove and Marshall Point stations. Five species occurred in the eelgrass
hahﬁﬂsmhdmgmalmmnmnﬁuﬁmmﬂ{l_ammmmmm
gunnellus) at the Owls Head Station. Five species, including the single white hake (Urophycis

tenuis) collected, also occurred at Gull Point Station. The higher relative abundance observed in
the sand habitats was the result of the collection of larger numbers of threespined sticklebacks
(Gasterosteus aculeatus), herring (Clupea harengus), and winter flounder (Pleuronectes
americanus) at the Saturday Cove and Marshall Point Stations. Most of the fishes observed in the
eelgrass habitats were grubbies (Myoxocephalus aenaeus) collected at Owls Head Station.



For decapods, which were dominated numerically by two species, sand shrimp (Crangon

i and green crab (Carcinus maenas), the sand habitat had the greatest abundance

(Table 11, Fig. 16). Sand shrimp occurred in all habitats but were most abundant over sand

bottoms at Marshall Point where they averaged 527 individuals/tow. The next most abundant

collections of sand shrimp (330 individuals/tow) were over sand at a nearby station (Saturday

Cove). Green crabs were most abundant in the eelgrass habitat at Owls Head Station, where they
averaged 16 individuals/tow.

In an attempt to discern diurnal patterns of utilization in habitats, we made 36 night trawls
at eight stations during September of 1997 (Table 12). In the diurnal comparisons, more fish
species were collected at night than during the day (Fig. 17). Fish were also more abundant in
night tows with the exception of uncommon species such as fourspined stickleback (Gasterosteus
aculeatus), plaice (Hippoglossoides plattesoides) and Gulf seasnail (Liparis coheni, Fig. 18). All
decapods including sand shrimp (Crangon septemspinosus), rock crab (Cancer sp.), and green
crab (Carcinus maenas) were more abundant at night (Fig. 18).

In general, the fish and decapod fauna can be characterized as consisting of a large number
of resident species and few migratory species (catadromous and transients, Table 13). Many
spodum?momeayulmmmhﬁmdbyﬂwerofjuwﬂem.
Several of these are of commercial or recreational importance including Atlantic herring (Clupea
harengus), white hake (Urophycis tenuis), and winter flounder (Pleuronectes americanus). Others
are important prey for some of the above species including Atlantic silverside (Menidia menidia),
sand launce (Ammodytes sp.), and sand shrimp (Crangon septemspinosus). Further, these
juveniles are undoubtedly prey for the system's shorebird populations. The habitats utilized by
these forms may be classified by thc degree of fidelity to a specific habitat. Some of the pelagic
forms, such as Atlantic herring and inshore sand launce, occur over a variety of substrates (ie.,
habitat generalists) and this may occur in some benthic forms as well (i.e., winter flounder).
Others appear more restricted in the habitats they utilize, for example grubby appear to require
three-dimensional structures such as eelgrass.

Life History of Select Species

The following treatments address aspects of the life history for select species that occurred
in the collections used to characterize the fauna of Penobscot Bay. Treatment follows in a

phylogenetic order.

Atlantic Herring (Clupea harengus)

Small juvenile Atlantic herring appear to utilize Penobscot Bay as a nursery area during
the summer (Fig. 19). A single mode, representing recently metamorphosed individuals, first
appeared in collections in September. These were the result of last autumn’s spawning along outer



bay or off of downeast Maine since late-stage larvae were collected within Penobscot Bay in April
and May.

White Hake (Urophycis tenuis)

We collected a single individual (135 mm TL) during a September 8th night tow at Gull
Point. White hake was of interest because, although it is commercially important, little is known
of the juvenile habitat. Fahay and Able (1989) discovered white hake to be common components
within Cape Cod estuaries where they move into eelgrass and peat reef habitats during late
spring-early summer at sizes of 50 - 100 mm total length. They are resident and continue to grow
at least through October, when they reach 200 - 300 mm before disappearing in early winter.

Threespined Stickleback (Gasterosteus aculeatus)

This species uses Penobscot Bay as a nursery area (Fig. 19). Although they were collected
on each sampling trip, most individuals are thought to move into deeper waters or offshore during
the winter. These adults are represented by larger individuals (approximately 37 - 51 mm TL)
collected.

Sand Launce (Ammodytes sp.)

This is one of the more common species in Penobscot Bay but was not well represented in
our collections (Fig. 19). Spawning occurs in early spring and recently hatched larvae were
collected in April. Individuals of a similar size range (80 - 115 mm TL) were collected during the
three collecting periods.

Grubby (Myoxocephalus aenaeus)

The grubby is a year-round resident of Penobscot Bay where it occurs primarily in eelgrass
habitats (Fig. 19). Larvae hatch in mid winter and occur in plankton collections throughout the
estuary in April and early May. Juveniles first appear in summer collections. Grubbies of all sizes
feed primarily on crustaceans, particularly sand shrimp.

Winter Flounder (Eww

This commercially important species appears to be a year round resident of Penobscot Bay
(Fig. 19). Spawning occurs in late winter to early spring since recently hatched larvae were
collected from April - June. This same year class is probably represented by 27 - 55 mm
individuals in August and 30 - 105 mm individuals in September. One year old fish may be
represented by the 95 - 175 mm individuals collected in September. Another individual (330 mm,
presumably an adult) also was collected in September.
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Sand Shrimp (Crangon septemspinosa)

The sand shrimp is a resident of Penobscot Bay and was very abundant especially in our
September collections. Spawning had already occurred by September since large numbers of small
individuals (15 - 19 mm) were collected.

Green Crab (Carcinus maenas)

This species was a resident species based on its frequent collection. Recruitment of small
individuals {5 - 9 mm carapace width) apparently occurred dunng the fall based on their
occurrence in September.

Discussion

We did not collect any juvenile cod in our survey of shallow subtidal habitats in Penobscot
Bay, but we did obtain good information on the late-summer occurrence and distribution of other
fishes and decapods. We will discuss the reults of the juvenile survey first followed by some
general habitat information for juvenile cod. Valid comparisons depend on the use of equivalent
sampling gears and stategies at comparable latitudes for similar lengths of time (Ross 1983) and
species richness and abundance estimates are frequently biassed by the use of selective gear types
(Gibson 1973, Riley et al. 1981), so we can make only general comparisons between the fish
fauna of Penobscot Bay and other studies of Maine shallow marine habitats. The fish fauna (16
species) collected in Penobscot Bay was similar to that of Montsweag Bay (Targett and
McCleave 1974), Wells Harbor (Ayvazian et al. 1992) and Sagadahoc Bay (Lazzari et al. In
review), smaller estuarine systems located south of Penobscot Bay (Table 14). These studies all
sampled for a longer time period (> one year) and in other areas beside the shallow subtidal
waters that were sampled in Penobscot Bay and reported a number of common species, including
alewife (Alosa pseudoharengus), smelt (Osmersus mordax), pollock (Pollachius virens), tomcod

(Microgadus tomeod), killifish (Fundulus heteroclitus), and bluefish (Pomatomus saltatrix), that
did not appear in our Penobscot Bay samples, Juvenile cod were absent from our Penobscot Bay

samples and also were not caught in the former two studies. They were only rarely collected in the
five-year Sagadahoc Bay study where they comprised less than 0.1% of the fishes collected. Only
a single gadoid fish, white hake, U. tenuis, was collected in our juvenile survey. The decapod
fauna (five species) closely resembled that of other New England estuaries (i.e. Nauset Marsh,
Heck et al. (1989) and Pleasant Bay, Fiske et al. (1967) on Cape Cod). Most decapod species
were ubiquitous to estuarine systems of New England (Teal 1986) although these studies did not
report northern shrimp (Pandalus sp.) as we did for Penobscot Bay. Lobster (Homarus
americanus) was rare in our collections.

As in most other shallow water fish communities (Allen and Horn 1975), a few common
species were dominant in terms of numbers, considered an adequate measures of fish community
composition (Bianchi and Hoisaeter 1992). Our trawl catches consisted predominantly (72%) of

three benthic species (winter flounder, P, americanus, grubby, M. aeneus, and threespined
stickleback, G. aculeatus). Older individuals were rare and mainly restricted to 1-yr-old juveniles
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remaining from the previous year's recruitment, as in winter flounder, or adults of species that
breed in the immediate environment, such as threespined stickleback. Four species, mummichog
(Fundulus heteroclitus), smooth flounder (Liosetta putnami), Atlantic silversides (Menidia
menidia) and the Atlantic herring (Clupea harengus) comprised 98% of the catch in Montswaeg
Bay (Targett and McCleave 1974). In Wells Harbor, the ninespine stickleback (Pungitius
pungitius), mummichog (Fundulus heteroclitus), sand launce (Ammodytes americanus) and At-
lantic silversides (Menidia menidia) were major faunal components comprising over 90% of the
total number of individuals (Ayvazian et al. 1992). Tomcod (Microgadus tomcod), mummichog,
sand launce, and Atlantic silversides were the dominant species collected in Sagadahoc Bay
(Lazzari et al. In review). Typically, the number of species and abundance of fishes showed a
pronounced seasonal cycle in other areas in Maine (Targett and McCleave 1974, Ayvazian et al.
1992, Lazzari et al. In review) with peak numbers occurring during late summer when our
juvenile survey took place.

Habitat utilization by fishes in Penobscot Bay was typical of embayments in the Acadian
zoogeographic province where the resident life history category has the greatest number of
species (Table 13). In the Virginian zoogeographic province to the south of Cape Cod, the marine
group contains more species at most locations. This follows Tyler’s (1971) model of fish
community composition that suggests with decreasing latitude and increasing water temperature
there will be a trend toward proportionately more seasonal or irregular species and fewer regular
(resident) species in the total assemblage. The percent contribution to the number of species by
life history groups in Wells Harbor showed a trend toward an increase in diadromous and resident
species and an decrease in nursery and marine species when compared with the fish fauna of a
Cape Cod estuary (Ayvazian et al 1992).

Many fish species, including commercially or recreationally important species such as
Atlantic herring, white hake, U, tenuis, and winter flounder, used shallow habitats in Penobscot
Bay as indicated by the presence of their juveniles in the collections. Shallow water habitats in
Penobscot Bay may function as a fish nursery ground in common with many other parts of the
indented coast of Maine (Targett and McCleave 1974, Ayvazian et al. 1992, Lazzari et al. In
review) and with sandy beaches in many other parts of the world (Brown and McLachlan 1991,
Hook 1991). The use of shallow water habitat as nursery area by fishes of commercial importance
has received little attention in the northwest Atlantic while this fact has been amply demonstrated
for many fish species in northern Europe (Edwards and Steele 1968, Zijlistra 1972, Gibson 1993,
1996). The importance of soft bottoms in marine shallow areas as nursery and feeding grounds
has been demonstrated for Atlantic cod and pollock in Europe (Zijlstra 1972, Burd 1978, Daan
1978, Rauck and Zijlstra 1978,) and in Canada (Keats 1986, 1990, Keats et al. 1987). Macdonald
et al. (1984) found the shallow beach habitat in the Bay of Fundy region apparently served as a
major nursery area for juvenile gadids and thought the use of shallow water and beach habitat by
these fishes makes them susceptible to coastal pollution impacts and puts their adult fisheries at
risk to coastal degradation and development. However, shallow beach habitats in Penobscot Bay

also harbor the abundant crustaceans (Crangon septemspinosus and Carcinus maenas), species
known to be major predators of small fishes (van der Veer & Bergman1987).
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The distributions of fishes are determined by a complex series of responses to both the
physical and biological characteristics of their environment (Gibson et al. 1996). Many species
move from one habitat to another on a variety of spatial and temporal scales and habitats
themselves vary regularly on daily and seasonal bases. Changes in the late-summer species
composition of our Penobscot Bay catches over the diel cycle were relatively small and there was
no evidence for the existence of distinct, exclusive ‘day' and ‘night' communities (Helfman 1993).
Although more species were caught at night overall, the differerence was slight and the changes
usually were caused by the changing abundance of particular species rather than by their presence
or absence. Increased numbers of fishes moving into shallower water at night have also been
recorded in several other locations (Horn 1980, Ross et al. 1987, Wright 1989, Romer 1990).
Both feeding and predator avoidance have been cited as the function of such movements but the
reverse argument has also been made, i.e. fishes avoid shallow water during the day because of
increased predation risk from diurnal predators, particularly birds. In other studies undertaken
elsewhere, diel changes have been observed in species composition, size distribution and
abundance (Lasiak 1984, Nash 1986, Ross et al. 1987) and related to day/night differences in net
avoidance and to diel onshore-offshore movements. This was shown by the nocturnal absence of
the diurnal sandeel species and the onshore movement of gadoids at sunset in Scotland (Gibson
1993). Another species that clearly shows this pattern was winter flounder, Pleuronectes

americanus (Pearcy 1962).

In the lower Bay of Fundy region, Macdonald et al. (1984) found there was a seasonal
progressive seaward displacement of five fish assemblages, dominated by pleuronectids, cottids,
gadids, clupeids, and rajids, from shallow, inshore to deeper, offshore habitats in winter followed
by a reversal during summer. For many species such as herring (C. harengus), seasonal movement
from inshore habitat to offshore is unidirectional for the individual, since the beach community
consists of a new O+ yearclass each year. For other species (winter flounder, P, americanus,
juvenile sculpins, Myoxocephalus sp., and radiated shanny, E. cimbrius), the return inshore was an
annual occurrence, triggered perhaps as much by resource availability and predator avoidance as
by physiology. Seasonal movements have been commonly reported elsewhere (i.e. Creutzberg and
Fonds 1971, Horn 1980, Ross et al. 1987). Another factor contributing to the decline in numbers
over the year is likely to be emigration into deeper water, as is known to take place in P.
americanus (Pearcy 1962) or an apparent decline caused by the increasing size of many species
making them less available to the sampling gear.

A brief discussion of the literature related to juvenile cod habitat follows. Cod and other
gadids are known to utilize shallow beach areas in other parts of the northeastern Atlantic Ocean
(Pihl 1982, Girsa and Zhuravel 1983, Gibson et al. 1993, 1996) where they were found to be
more abundant in shallow water at night. This indicates an onshore migration at dusk followed by
an offshore migration at dawn, a movement pattern observed for many gadoid species on a
Scottish beach including cod, Gadus morhua, and haddock, Melanogrammus aeglefinus (Gibson
et al. 1993, 1996). These researchers have proposed that nocturnal inshore migration may be a
characteristic behavior pattern of the juveniles of shallow water members of the Gadidae. It has
certainly been recorded in several different locations for cod, G. morhua including Sweden (Pihl
1982), Russia (Girsa and Zhuravel 1983), and Scotland (Gibson et al. 1993, 1996), although the
patterns of movement, and the functions attributed to them, differ between areas. For example,
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Pihl (1982) reported that age 1+ juvenile cod in Sweden came into a shallow cove at night to feed
on mobile epifauna. Other research found tagged juvenile cod remained in shallow stations (5 -
10m) where they were released during summer and autumn before beginning a general offshore
movement at age 2+ (30 - 50 cm) to deeper water (Pihl and Ulmestrand 1993).

Similar findings concerning the ecology of juvenile cod exist for the northwestern Atlantic
Ocean. Inshore waters of eastern Newfoundland provide nursery grounds for juvenile cod (Lear
and Wells 1984) in places such as Conception Bay (Keats et al. 1987, Clark and Green 1990), and
Bonavista Bay (Keats 1990, Keats and Steele 1992). Juveniles (age 0+ to 2+) were common in
shallow water (< 25 m) of Conception Bay from spring through autumn (Keats 1986, Keats et al.
1987), but there was some confusion about where juvenile cod spend the day. They are thought to
move near the bottom in deeper water since older cod (age 1+ and 2+) preferred seaweed beds
over bottoms dominated by sea urchins and coralline algae in Conception Bay (Keats et al. 1987)
and a few age 0+ individuals were found in crevices (Keats 1986). However, no association with
seaweed was observed for the older ages in later research in Bonavista Bay (Keats 1990). Keats
(1990) also found juvenile cod undertake inshore migrations at night since they were 16 times
more abundant in shallow water of the Bonavista Bay at night than during the day. Keats and
Steele (1992) observed cod were evenly distributed in all habitats sampled at night in Bonavista
Bay, suggesting some flexibility in patterns of habitat use. However, in the presence of a predator,
cod will change their habitat preference since juvenile cod in Newfoundland preferred sand or
gravel when there was no apparent predation risk, but chose cobble when a predator was near
(Gotceitas and Brown 1993). Clark and Green (1990) found age 3 cod (28 - 33 cm TL) were
nocturnally active in Conception Bay, Newfoundland and migrated between deep (30 m) and
shallow (< 15 m) areas where they fed, but Keats and Steele (1992) found no evidence that the
nocturnal migrations in Newfoundland were related to feeding since cod there fed mainly in the
day. Rather than acting as a feeding area, shallow water could be a refuge since cod are
cannibalistic and larger juveniles (age 3+) feed on smaller juveniles (age 1+) and adults feed on all
younger groups (Schroeder 1930). Given their cannabilistic nature, it would be adaptive for
smaller individuals to segregate from the larger stages and adults and Keats et al. (1987) thought
this may explain their inshore movement at night. MacDonald et al. (1984) found obvious dif-
ferences in sizeclass distributions and abundance between summer and winter populations of
winter flounder and Atlantic cod at offshore sites in the Bay of Fundy and a complete lack of most
adult fish inshore. This also suggests marked segregation between juveniles (at least 0+ age
group) and adults for these species. Information on juvenile cod in Maine inshore waters is sparse
compared with these other areas. In a four year survey of groundfish in Sheepscot Bay in the late
1970’s and early 1980’s, Perkins (1982) found substantial concentrations of young-of-year (0+)
cod within the bay and older juvenile cod remained there throughout the year. Recent surveys
outside the headlands continue to collect juveniles here. Juvenile cod (< 20 c¢m in total length, n =
177) also were collected in Penobscot Bay as part of a northern shrimp survey between November
1980 and March 1981 (Stevenson 1983) where they were captured in waters between 14 and 90
m deep. However, a just completed trawl survey in Penobscot Bay at seven locations in deeper
water (> 25 m) throughout the bay collected only a single juvenile cod (160 mm total length) in
nine tows. We will sample both shallow subtidal habitats and deeper water as part of our RoxAnn
substrate survey and hopefully will collect juvenile cod in 1998,
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Table 1. Stations sampled biweekly by 1.0 m plankton net in Penobscot Bay from
April 4 through June 25, 1997.

Location _ Sampling Trip
Station (Lat/long) 1 2 3 4 5 6

Western Bay
Al(Rockland) 44.07.96/69.02.68 x X X X x X

A2(Camden) 44.09.70/69.01.70 x X X X X X

A3(Mt. Meg) 44.13.28/685985 x x x X X X

Ad(Linconvil) 44.15.93/68.58.49 x x x x x
AS(FlatIs) 44.18.37/68.57.25 x x x x x
A6(Marshall) 44.21.45/68.55.85 x x x x x
Eastern Bay

B1(Saddle Is.) 44.10.20/68.57.18  x X X X X X

B2(Compass I)44.12.76/68.54.88  x X X x X
B3(Resolution)44.15.38/68.53.47 x X X x x
B4(C. Rosier) 44.18.92/68.51.69 X X x x
B5(Castine) 44.21.62/68.50.98 X X X X
B6(SearsIs.) 44.24.90/68.53.64 X b X X X
North & Vinalhaven

Cl(OwlsH) 44.05.91/68.59.56 x X x X X X
C2(NorthH) 44.11.05/685281 x  x  x X X X
C3(DeerIs.) 44.12.27/68.45.14 x X X x X X

C4(Fox 1 Tho)44.09.39/68.45.30 x X X X X X

Total stations sampled 10 16 12 16 16 16




Table 2. Stations sampled biweekly with CTD (conductivity, temperature, depth) meter in
Penobscot Bay from April 4 through June 25, 1997.

Location Sampling Trip
Station (Lat/long) 1 2 3 4 5 6 7

Western Bay
Al(Rockland) 44.07.96/69.02.68 x X x X X X X

A2(Camden) 44.09.70/69.01.70 x X X X X X X

A3(Mt. Meg) 44.13.28/68.59.85 X X X X X
Ad4(Linconvil) 44.15.93/68.58.49 X X X X X
A5(FlatIs) 44.18.37/68.57.25 X X X X X
A6(Marshall) 44.21.45/68.55.85 X b X X X X
Eastern Bay

B1(SaddleIs.) 44.10.20/68.57.18  x b x X X X X
B2(Compass )44.12.76/68.54.88 x X X X x X
B3(Resolution)44.15.38/68.53.47 x X X X X

B4(C. Rosier) 44.18.92/68.51.69 X X X X
B5(Castine) 44.21.62/68.50.98 X X X X
B6(Sears Is.) 44.24.90/68.53.64 x X X X X
North & Vinalhaven

Cl{OwlsH) 44.05.91/68.59.56 «x X X X X X

C2(NorthH) 44.11.05/685281 x x x x x x  x
C3(Deerls) 44.1227/684514 x x x x x x  x

C4(Fox I Tho)44.09.39/68.45.30 X b X X X X

Total stations sampled 8 15 12 16 10 16 15
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Table 4. List of fishes caught by 1.0 m plankton net in Penobscot Bay from April 4
through June 25, 1997 (Number of species = 23).

Family Species (Abbreviation) Common name
Anguillidae Anguilla rostrata (Aro) American eel
Clupeidae Clupea harengus (Cha) Atlantic herring
Osmeridae Mallotus villosus (Mvi) Capelin
Gadidae Enchelyopus cimbrius (Eci) Four-beard rockling

Gadus morhua (Gmo) Atlantic cod

Microgadus tomcod (Mto) Atlantic tomcod
Labridae Tautogolabrus adspersus (Tad) Cunner
Stichaeidae Ulvaria subbifurcata (Usu) Radiated shanny
Pholidae Pholis gunnellus (Pgu) Rock gunnel
Cryptacanthodidae Cryptacanthodes maculatus (Cma) Wrymouth
Ammodytidae Ammodytes sp. (Asp) Sand lance
Scombridae Scomber scombrus (Ssc) Mackerel
Cottidae Hemitriperus americanus (Ham) Sea raven

Myoxocephalus aenaeus (Mae) Grubby

M. octodecimspinosus (Moc) Longhorn sculpin

M. scorpius (Msc) Shorthorn sculpin
Agonidae Aspidophoroides monopterygius (Amo)Alligatorfish
Cyclopteridae Liparis atlanticus (Lat) Sea snail

L. coheni (Lco) Gulf snailfish

L. inquilinus (Lin) Inquiline snailfish
Bothidae Scopthalmus aquosus (Saq) Windowpane
Pleuronectidae Hippoglossoides platessoides (Hpl) American plaice

Pleuronectes americanus (Pam) Winter flounder




ght by 1.0 m plankton net in Penobscot Bay from April 4 through

June 25, 1997. Species abbreviations from Table 4.

Table 5. Total abundance of fishes by species by station cau
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Table 6. Species list of larval fishes collected by 1.0 m plankton net between April and
June 1997 in Penobscot Bay (n = 23) in compared with four other locations in
nearshore waters of coastal Maine.

Sheepscot estuary  Damariscotta  Sullivan
Species Upper Mouth River Harbor
(Shaw ‘81) (Chenoweth ‘86)  (Townsend ‘84)

Anguilla rostrata x x X x
Clupea harengus X X X X
Mallotus villosus - - - -
Enchelyopus cimbrius X X - -
Gadus morhua X - - -
Microgadus tomcod X X X x
Tautogolabrus adspersus X X - -
Ulvaria subbifurcata x X x x
Pholis gunnellus X x X X
Cryptacanthodes maculatus X X X X
Ammodytes sp. X X X X
Scomber scombrus - - - -
Hemitripterus americanus X X X X
Myoxocephalus aenaeus X - X X
M. octodecimspinosus X x x X
M. scorpius x x x x
Aspidophoroides monopterygius ~ x X x X
Liparis atlanticus x X x X
L. coheni X X X X
L. inquilinus - X - -
Scopthalmus aquosus X X - -
Hippoglossoides platessoides X X - x*
Pleuronectes americanus X X X X

Number of species collected 42 26 22 21
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Table 8. Stations sampled using 1.0 m beam trawl in Penobscot Bay from August 25
through September 9, 1997. (Day = Aug 25 - 27, N1 = Sep 2 - 3 night, and N2 =

Sep 8 - 9 night).
Location Depth Temp  Sampling Trip
Station (Lat/long) (m) Substrate (C) Day NI N2
Sheep Is. 440421/69.0282 2-4 cobble 120 x
E{%?{)Hm 44.05.70/69.0288 2-5 gravel 122 x X X

700 AcreIs. 44.14.86/68.57.00 2-3 sand/gravel 152 x
(SA)

Lincolnville 44.16.76/60.00.27 2-5 sand/eelgrass 14.8 x b

_Sfl‘u:ir?iay Cv. 44.20.34/68.5701 3-5 sand/gravel 173 x X

!v(lzstrcsl::all Pt. 44.25.50/68.54.17 2-3 sand 163 x X X

C(:;Pm}hes Cv. 44.20.76/68.5225 2-3 cobble 150 x

GEJEICI;::nint 4414 86/68.54.66 3-7 gravelkelp 150 x X X
P

Resolution Is. 44.15.57/68.51.43 3-5 cobble/rock 16.0 x

(RI)
BeachIs.  44.15.44/68.48.92 2-5 sandleelgrass 164 x x

(BI)
Eagle Is. 44.12.99/68.4680 2-5 sand/gravel 124 x X

(ED

Webster Head 44.11.04/68.50.24 3-5 sand 164 x X X
Wm Is.  44.07.90/684990 2-4 gravelrock 126 x
W{E:)ner Cove 44.07.52/68.56.04 3-4 cobble 160 x
(WC)
Total stations sampled 14 6 6

Total number of tows 42 18 18




Table 9. Species list of larval fishes collected by 1.0 m plankton net between April and
June 1997 and juvenile fishes collected with 1.0 m beam trawl in Penobscot Bay in
August and September1997 (Total number of species = 29).

Family

Species (Abbreviation) Common name Larvae Juvenile
Anguillidae

Anguilla rostrata (Aro) American eel X
Clupeidae

Clupea harengus (Cha) Atlantic herring X '
Osmeridae

Mallotus villosus (Mvi) Capelin X
Gadidae _

Enchelyopus cimbrius (Eci) Four-beard rockling x

Gadus morhua (Gmo) Atlantic cod X

Microgadus tomcod (Mto) Atlantic tomcod X

Urophycis tenuis (Ute) White hake X
Atherinidae :

Menidia menidia (Mme) Atlantic silverside X
Gasterosteidae

Apeltes quadracus (Aqu) Fourspined stickleback X

Gasterosteus aculeatus (Gad) Threespined stickleback X

Pungitius pungitius (Ppu) Ninespined stickleback X
Labridae

Tautogolabrus adspersus (Tad) Cunner X : X
Stichaeidae

Ulvaria subbifurcata (Usu) Radiated shanny X .
Pholidae

Pholis gunnellus (Pgu) Rock gunnel X X
Cryptacanthodeidae

Cryptacanthodes maculatus (Cma) Wrymouth X
Ammodytidae

Ammodytes sp. (Asp) Sand launce X X



Scombridae

Scomber scombrus (Ssc) Mackerel X
Cottidae
Hemitriperus americanus (Ham) Sea raven X X
Myoxocephalus aenaeus (Mae) Grubby X X
M. octodecimspinosus (Moc) Longhorn sculpin x
M. scorpius (Msc) Shorthorn sculpin =~ x
Agonidae
Aspidophoroides monopterygius (Amo) Alligatorfish X
Cyclopteridae
Cyclopterus lumpus (Clu) Lumpfish X
Liparis atlanticus (Lat) Sea snail X X
L. coheni (Lco) Gulf snailfish X X
L. inquilinus (Lin) Inquiline snailfish X
Bothidae
Scopthalmus aquosus (Saq) Windowpane X
Pleuronectidae
Hippoglossoides platessoides (Hpl) American plaice X . X
Pleuronectes americanus (Pam) Winter flounder X X
Number of species collected 16

23




Table 10. Abundance of juvenile fishes and decapod crustaceans collected with 1.0 m
beam trawl in Penobscot Bay in August and September1997. (Total number of
species = 21, 16 fishes and five decapods).

Abundance
Species (Abbreviation) Common name Day Night Total
Crangon septemspinosa (Cse) Sand shrimp 3183 4386 7569
Carcinus maenas (Cam) Green crab 64 123 187
Pandalus sp. (Psp) Shrimp 60 %0 150
Mpyoxocephalus aenaeus (Mae) Grubby 2 51 53
Cyclopterus lumpus (Clu) Lumpfish 18 20 38
Pleuronectes americanus (Pam) Winter flounder 3 32 35
Gasterosteus aculeatus (Gad) Threespine stickleback 5 15 20
Cancer sp. (Csp) Cancer crab 3 17 20
Clupea harengus (Cha)- Atlantic herring 0 16 16
Ammodytes sp. (Asp) Sand lance 3 10 13
Pholis gunnellus (Pgu) Rock gunnel 0 7 7
Hemitriperus americanus (Ham) Sea raven 2 3 5
Liparis atlanticus (Lat) Sea snail 0 4 4
Hippoglossoides platessoides (Hpl) American plaice 2 0 2
L. coheni (Lco) Gulf snailfish 0 2 2
Menidia menidia (Mme) Atlantic silverside 0 2 2
Tautogolabrus adspersus (Tad) Cunner 0 2 2
Apeltes quadracus (Aqu) Fourspine stickleback 1 0 1
Homarus americanus (Ham) Lobster 0 1 1
Pungitius pungitius (Ppu) Ninespine stickleback 0 1 1
Urophycis tenuis (Ute) White hake 0 1 1

Total 3346 4783 8129
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Table 11. Abundance of juvenile fishes and decapod crustaceans by station and habitat type with 1.0 m beam trawl in Penobscot
Bay in August and September1997. Species abbreviations as noted in Table 4.
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Table 13. Utilization of Penobscot Bay by fishes and decapod crustaceans from August -
September 1997. Habitat utilization as follows: Gr = gravel, Co = cobbles, Eg =

eelgrass and Sa = sand.

Family Mode of Habitat Life History
Species Utilization Gr Co Eg Sa Stage
Anguillidae

Anguilla rostrata Catadromous larvae
Clupeidae _

Clupea harengus Nursery X larvae, brit
Osmeridae

Mallotus villosus Transient larvae
Gadidae

Enchelyopus cimbrius Resident larvae
Gadus morhua Resident? larvae
Microgadus tomcod Resident larvae
Urophycis tenuis Nursery x juvenile
Atherinidae

Menidia menidia Nursery x adult
Gasterosteidae

Apeltes quadracus Resident X adult
Gasterosteus aculeatus Resident X x adult
Pungitius pungitius Resident x adult
Labridae

Tautogolabrus adspersus ~ Resident X larvae, juvenile
Stichaeidae

Pholidae

Pholis gunnellus Resident x X larvae-adult
Cryptacanthodeidae

Cryptacanthodes maculatus Resident larvae
Ammodytidae

Ammodytes sp. Resident X X larvae-adult



Scombridae
Scomber scombrus Transient

Cottidae
Hemitriperus americanus  Resident
Myoxocephalus aenaeus Resident

M. octodecimspinosus Resident
M. scorpius Resident
Agonidae

Aspidophoroides monopterygius Resident
Cyclopteridae

Cyclopterus lumpus Nursery
Liparis atlanticus Resident
L. coheni Resident
L. inquilinus Transient?
Bothidae

Scopthalmus aquosus Resident
Pleuronectidae

Hippoglossoides platessoides Resident
Pleuronectes americanus Resident

Decapoda

Cancer sp. Resident
Carcinus maenas Resident
Crangon septemspinosus  Resident
Homarus americanus Resident

Pandalus sp. Resident

MWoM oM o e

¥

larvae

larvae, juvenile
larvae-adult
larvae

larvae

larvae

Juvenile

larvae, adult

larvae, adult
larvae

larvae

larvae, juvenile
larvae-adult

juvenile, adult
juvenile, adult
juvenile, adult
juvenile
juvenile




Table 14. Comparison of fish species (n = 16) collected in Penobscot Bay with 1.0 m
beam trawl from August - September 1997 with three Maine estuarine studies.

Family Montsweag Bay Sagadahoc Bay Wells Harbor
Species (Targett & McCleave, (Lazzarietal, (Ayvazian et al.,
1974) in press) 1992)

Clupeidae

Clupea harengus X X X
Gadidae

Urophycis tenuis X X X
Atherinidae

Menidia menidia X X x
Gasterosteidae )

Apeltes quadracus X X X
Gasterosteus aculeatus X X X
Pungitius pungitius X X X
Labridae

Tautogolabrus adspersus - . x
Pholidae

Pholis gunnellus - - X
Ammodytidae '
Ammodytes sp. - X X
Cottidae

Hemitriperus americanus - X .
Myoxocephalus aenaeus - - X
Cyclopteridae .

Cyclopterus lumpus - X X
Liparis atlanticus - - -
L. coheni - - -
Pleuronectidae

Hippoglossoides platessoides - - -
Pleuronectes americanus x x x
Number of species 18 26 24

Species in common 7 10 12
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Figure legend showing densities of larvae per 100 m’ used in Figures 4 - 8.

© > 1.0 larvae per 100 m’
© > 2.0 larvae per 100 m’

> 4.0 larvae per 100 m’
> 6.0 larvae per 100 m’

> 8.0 larvae per 100 m’
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Figure 14. Map of stations sampled biweekly by 1.0 m beam trawl in Penobscot Bay
from April 4 through June 25, 1997.
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Figure 19. Total length of the more common fishes caught by 1.0 m beam trawl in
Penobscot Bay August and September, 1997.
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by station and depth (m) caught during the

Table 3. Salinity, S (parts per thousand) and temperature, T (°C) measurements
larval survey in Penobscot Bay from April 4 - 7, 1997 (PBI).






EIYENTS

LE
LLE
L9'LE

; _|[rE09'LE

IOk

oy Sunnp JySneo (w) ydep pue uones Aq sjuswas

l=lzl=

§

=

P b= e b et o o

(gd) L661 ‘L1 - 91 [udy woy Aeg 1005qousg Ut AoAIns [eAre]
nseaut (,) I, ‘ainjesaduie} pue (puesnoys sad sued) § ‘Ameg b ojqe,

) &
FEIS IE i3
i
T 13 [
IE I Is
I5IE 5
I YOS’
BGLG LE [
I v
Fid
]
v
3
o
=] = __Iw
1 i IE_|19E0E  |ov
! e ESZ9 L I3 “ﬁqmlnﬂ.ﬁ
LG i ; _E.m_m" i3 _m
BOLG +E S095°) =) T lo'iE 3
ZLLGIE ] _ﬁ._.l_. 3
OIS i ; 3
: L3 1209 1 L
e P0G LT 3 :
13 [
7
T :
LY I ¥ i 3 g 4
D06+ VEZS 155 IE T 1 13 I3
EBEYLE LPZ5 LE [ i i E4
GEer | LOZ5'L : i \E_|9B00E oL
L8 IE ELG) LE_|st ELISLE ] [
PRV IL I51E T 13 BEISIE 13 =
i ] ] 4
A 13 it 3
(e I IE E_JLTS0T P 0 _ ...
[T Livv |E T 13 Fil 13 1
i : : Bl
IE [T T3 IE_[ILI0E (U1
260V £ IIE IE_[hal [T It _[EI00E o
LTOVLE IE i3 I \E_|weB6z__ |Gk
IE T [ T T 1 [T T T oo
LEBEIE i D525 '1E T |zt "V |BBOOE _|EL
FELEIE : A T [ElETie B [T
60E V£ [risric X 1% [iL
i IE T
g 3 i3 b \ZE
Il IELE i3
[ 417 i L
I LPLVIE_[GIED E |3
b T |5
Z0 _ L ! T _|v
1659 _ LD [
: vy a1
i [SLirr :
Ly L7 EVL } PWL| THigad|




B4
o
_31.0132

31.107
1

3151

Page2

an

3.1
.

2.6137

a5

qu




(Igd) L661 ‘T A2 - 0€ [udy woyy Aeg 1005qouad ur KaAIns [eAle|
oy Suunp ySnes (w) yidep pue uoness Aq suswRInseaw (D,) I wsnesadwsa) pue (puesnoy Jad sured) g “Auunes ‘¢ Iqe],

[60a 1k _[iiery | I T [ [ERT: T T
BI09LC_|CiEr Y 1889} i P e [LOZEE i __%ﬁ [
N T L FFIE |BLIEE \E_|BEEDE 5
|6209°LE ____hm_,. 0599’} y 3 WEIOLE [LII9E 5
LEBGLE |EvbbE | i3 "I |MDIEE it i3 !
GALG'LE _[piS¥'Y | (TN ¥ [ LPESL _Em,n #ﬂw
IE|ICLFY IWP i LZZS' 'LE |909SE ¥
PO LE v L8 ¥ BEEV'LE e : IE I3 v
] i | EETEN G5Er LE 3 i PLES'LE e
[ (10 i i3 ‘e
b JIERS Y | T CTTT A &
T3 [T |zeg'L T3 [T 23
" ¥ | 3 i [T 1 [ 3
3 19y ! X3 FOZPIE [SISTE PEAGE \PZOE € v
i v LOvD'LE L'y ¥iE [vISTE -|wssE [T
LESIE ¥ BZFE L r GLLFI 19LE 2199
3 I I_m. 5 FIE I |L6L9'LE ' i
ﬁ.r__ [ EEESLE ¥ WoriE [SLITE ISk [l
PELG LE W _uE,. 5] i : b BE09'LE |ELLIE  [LIZSLE I
%m" 8959 Y 6529} 1N} VE i [ L [ESLLE
LBLEIE |90c0p SBIOIE [LFLLY e [SELEE b £ |eEzlit
EFIGLE [ESE0'F S | L PR LE [ 1 ! ¥ E
| Lg'L r 1 BFET LT [ b E IE_|ZSvLE  |ELESLE 3
i 13 e LEIE [EL L 1 I85GLE [PEOLE ‘IE _ﬁ'ﬂ
A [ LE LISE LE PIDS | IE_[PLIFE [SIBGIE [1O0IE IE|LYOE  [1E
gravic_|ologr TYOSIE IE_[96IZE i IE_[gBLY T ;
(CB0 ¥ |couviE |erid¥ _WL ¥ "IE [TETa ..F%& LIBLE  |Pl6G
IEBOF__ |9ZOVLE |co9a IEBYLE r i3 1 A T IE_| I i 3
3 L [f0sar 1SHY L E ¥ ZE} £ LT3 11 "LE ; LE_ JLLLE [T
i g _[iafoy ELSPLE 2 IELE , VE |i9LrE  |ESEGLE [SEES' 13
‘v__|irrpLE|0BIOF EA r | [T A - IE [
I L LE_|C0E9'Y OLZr'LE F 180€°LE_|Zo8T IE g i
I IE|@ecoy [E1OPL £ [LBZE I LEY IE il
L YA ‘¥ FiE r 4 b ] g T : 3
[ %4 FESS T DGHE LE LE |BGLEE i 3 3 i ¥4
FER0Y_[DBAC LE(BIES T ZICLE [pC0M SRPTLE |PIOPE b M 1ZZviC  |OZLWIE CEOSTE 3E_|evee 0% .
v |EBZZLE |L9i9F I06IE'IE VIE [IEFE il A 0¥ I |oiv0’y |81
v |EISLIE Ly E95E LE ZLIE [9BIGE [EZLZ'LE [OCL € e ¥ |eesry F__ |6l
I T L BOEE . ' [ISEO0IE E_.ﬁ_." i PERPLC [PLPOY [SOBTIE [viziy L1
T T T IE T [ERIEIE IE_[SE09E  |9LEME 13 G :RTI*._E,, I
L ME_|EriSY IE & |rEsz e PE__|ZLIETE IE 1 LBEETIE |IBILY e [riOly |6
bbF_ |ODRO'ME (609G ¥ |ZGEERE |LIPE'E  [LLEZ L 613 : e TN € [9LZLLE i [ordity  [L188'0E |LIBTY
r__|E0S0IE BICEIE [989CE e | 3 OE |SEZIE  |98L1LIE € T € __|FISELE Ly |eses v €
LEChY _|BELOLE [vESS  [OLIOLE [ESGYE  |OiFLL B o T ! IBTIE [BELLF  |BiPlDE r_ |2
5 IE_|cosar  |9FAT0E SLSSE i . 3 b ¥ LIE |ealiy i
5 0 |LESY Lt | ‘ ¥ il F . r
N3 ¥ ZLLLE F b 1 b v
\ORZ ¥ \Gy |86 i r 8L 3 i i v
i ¥ |06Es9C i i3 [N ¥, I A Br_ i
PIEE Y |GbS (R ¥ |PlOL¥T L B EL F b 18ISy |Z0656Z [9Tva ¥  |GOET ]
i (1YY ¥ ‘TZ_|00LLS 'S |9.08°GT y b r LiES'Y i F o |LiFS |5
(1 10 T |0LLeS i 'S |1E8z's? 1 . LY ¥
[T T A G T LEJ9PT |ZIEE |oal v [Lizeez |osoi'v  [BZOv
Zh ‘B |D0BZS  |8809'LE |8EL00 ] ¥Z_[Zeee’s _|80L6 LIS |6SE0BT [I940°C  |GEGS z
. 'GT_|6¥Z5E F [ I 1 L b i
I ) [0 185 ! gVl  Gvs (5] [TE] [T £vE £V v vl |




T afey

L_.Ef B

BIZtE |vooRF_ |BOMDIE ¥
18I IE n___.u___.. EZLOIE [o8sly

CIE |I0E9F
GEEC VL _|9BZoF
B/RLIE [lE1a Y
Z86LLE  |1609F
_E:.._n |
FIE |GRIST
ZEELLE 0285
3 LSS T




: (AT8d) L661 ‘€1 - 71 AR woy Aeg 1005qousg ur K9AInS [vAIe]
Y31 Suunp 1ySnes (w) yidop pue uoness Aq suswainsesw (9,) I ‘rmeradura) pue (puesnoy; sad syred) g “Ayuies 9 a|qeL

| i3 i IS
. IE _m
¥
3 LE'LE 5
3 [
v b e r__[MEIELE b [
r ; LEE £ ¥ 'LE ¥ 3
i 1 E'LE ‘¥ 1! i3 L
¥ BEDSE LE ¥ LE ¥ I3
i IE ¥ 14 ¥ I SLEY
r 13 T 1 3
» ¥ M 1 £
1 061 LE 3 ¥l LE 3 ¥
1 i “IE [
] ] LIBLLE LbLE 13 i3 L
1 i § 3 3 1 53
3 _ LIIE N JE_1I6LLY
i 3 3 LIE “IE ; 1 %3
e e 2=
LIBZLE (9161w (LBl ¥ LLE M 3 il LRIZLE r £ [LLBLY
|soez’ i (igsiy  [esiZiE ¥ e f ENESE 2 (7] ! T3 3 V0T ¥
CIOELE |ayolw  JoiZE [weRl’y  [LISLLE 3 LELLE [T i IBITLE LE |Lirry LELE¥
4T T I ¥__JLISLIE |SEr@y  |PIELLE i [ 1 £ rr ¥ IDZL ¥
IrSysr  Iwrl i [1BLEY  JIRLELE ¥ ¥lLE id L1619 ME ¥ ¥ il M ¥ VEEZZ Y
L AT i It ¥ LIE I 1 L 1 3 i LWSE LE ¥
\Zog Ty [LOCT VE L LE T3 LLE i LIE ¥ b i I ¥ €
¥__J0BEZ LT i LI JZEiRY LELE v I ‘b ¥ L i 1 LLE ¥ £ _|riFl¥
¥ |BZZLE j VIE [OEEY  [SKSOLE ¥ |FiELIE LY L'l ¥ 43 LLE A Wle [MDIZY
bersy  [LOZZWE |EiZey  |B600'LE ZTE0LE 56 LI i3 1 153 2 VEBLLE IE ¥ 6 |se5e
0S¥y 8964 L |9C0W ¥ |0SED LE 2 T3 | ¥ LLE [rarlE 1 L Y TN T3 (T ‘e [roig’y
PES P [PSOL'LE |ESSEY  [LO00'LE Z0E0'LE (i ek I’ 53 11 i (=N ¥ LM 1 ‘LE
¥ VIE [1EI6Y  [EsiDiE ¥ L90'LE  [Zvrd [13 E 1 i i ¥ LIE \E b EFEC Y
FiblLE_|OFEGY  (SLOOIE v \E L i L ¥ L’ FLITLE W (LISEY
N T riFDLE VE |rOS8E 1 ¥ I LZB0LE  [LErdy LE £or 5 BLIEY
I5¥_ |WICLIE |SREE Y e ¥__ [iseS0E i L |LTERE 43 | ¥y 5T
0GY _ [LiDLME |eO@svY (ro0S 0T r__|revSOE [1S06 Y IE_[ESE 1 WIE CLED LE Ly |yORET0E It Y
ClGry  [RCI0LE [LLlDS  [ZvosOE v v e jZior 13 i’ 3 2 i u ¥
LIEF ¥ I ' |BISEOE s |»ZTRDE ¥ |8S00'LE i L Ve LY
LEEYr [T LEE0S  [SErE b e[k LFDLE ¥ ¥ LR OE 13 FETLF
LRFY i BESLTE I e i £ LLELY 1 LIELTE ,.__
LV G |Z85L0E |LG0'S  [9ZZO0E £ [evGZy 6509 ¥ id ¥ [ir VSELT
¥ a.rl's m BEECOE  [DLEL IE [ELZEY ¥ |i ¥ |¥ERL i L ¥
r__ [SEIS'0E W05 |5LE90E ] [ v 18660 r ] FEEIF |
¥ 0% [ecis 1 0E FIE ¥ LE [T ¥ |W6Za0E e |SPSES  |vGOSOE |Zrag
¥ oC_|zr00s \GZLS 0C_[teery LoELY i3 LEFS 0E o0 I
r *_ |ISeYDE 1S Ci<id ¥ak LB e v vIrLr
v r ] e 1 i ¥E 0%
* 4 5 ¥ 13 I
¥ |oeor O¢ i) B |L9b ¥ LILEY LY MBZ0E TC_[#Gi8 ¥
L4 i L 1 1% WrEZEL BE L'r b ¥ CE0L0C L4 LLDE JLik LG
¥ IHEC S P BT 1 B i 5 L8'BE 1] BT 0E_|BL
OF DS IES 3 E9LLHE i i (FECY 1 BLEY 3
WG |GISCEE [kpZr'G  JOSSEEE  [IBZ9'S  [F ] [ E0LEZS ] b LE' £
Lp0's  |EGBR'IE |IESO'D  |9€E0 X COELBE PELLE i E_|zris {14 z
] ] [ b i 1 4] P L 1 N

LT (3] [:08 s <11 185 s [T £vE v




;

ek

e

|

o

e

ir9LS

] o
e

|BEEL'S

IEELS

25015

WE0S

PRPPPP

wrh o [ | o fud | i

W W W W

ded d

o b o | o o o |

111,

iR

S

ad

o

Ll Il
b e b e e e e




(A8d) L66T ‘6T - 87 KB\ wou Aeg 1005qousg Ut KoAIns [ease]
oy Suunp jySned (w) yidop pue uoness Aq syuowaInsesw (De) L ‘23meiadwsy pue (puesnoyy sod ﬂ.a& g ‘Anuies £ 2qe L

It |sie2 8 i3 =
SIELSID 3
] [
ELIZIZY IE 5
_|sie8iz9 i 1is
I ELEERT S [ *ﬂ
I ) IE [
‘L |esLERZ e [ [0
‘\E_|EBZ6ICS ‘e |i¥
T A ] - Tor
\E |Z5EZ8re LYIETIE l5r
\E_|SZ0SeC Y rr
W |ees0els IE
\00'LE |9/88C9 b
o ] [irszie “1E T3
L6 0% |EoL g [ - b
IES O |G0R9lD 1E =N
S 0C_|LIGrZD LISTIE [EL LE FELLLE B
i LIBZ D ") i TN It
¥ O |eesrel D LIDZTIE IE |L ) TN o
CLBLETE |E 9 ZBBGL LE 3 s LFLLLLE i 3
O |PFLEDED LBEELLE 'LE A IE 'y
0 |IOTIDED I ] i [ i J
0C JLLILDED e i £ il
06 |LIE9SED LEVEL LE i £ i3 15
OC_|czoeZn LV IE € 1
0€ I594l ) i LE |PL
3 i | ECTIND I I 32 ] LBLBLIE 1€ |
16L580C |Z0aZ' E= I 13 i 5 1 IE IDZLS
e ] [ZE01E ! ELrvDLE WELY (90T LE VE [LiSRELS |
OF_|BCrest 8 E:ﬁ BLFD'LE LIE LI b IBTTDIE v il £ |LIETS |
\WSOE |VGIRL'S |esErd OC |ZZLZBLS [LLELLE ‘G |CLFIOLE IE 5 'LE VIE |Pb [BRFIOZ G
[B0C6 OF JEEkianD b ¥ZRLG _wﬂm__._.__" £ G A LFELIE j
twil8 OC ] T LIE |58 ” ¥ ¥ AT T3]
A B G |FELBOLE IE ¥ |SLITIE IE
el ] o 5 3 5 b 753 T3 e
3 El LG %Eﬁ 15veR9 s [ri0ss g |1 z i Wity [vEsi e [EL & [ISS0EE S
FIIGS I W0'LE A ET IE = LiE
o€ |risot0 9 |u LT i T |ZIEISOE ¥ ! 5 N I IE [LOvELE S
0 _| /900809 T (EB0LD) 1 SESLETE 'S ¥ L \E [SLSEES |8
TE |FZb09  |LERELOE [FEIFELS L BOZFEOE 'S 506 LEBT0'LE |rl & |FEDSEE G |G
IRRCLOE |CBLIPD S |PIZGLOE G008 G |ee0en ki SLBIAE ! \68S v ¥l Eaea] e ¥ it T7ocech S
L 0E 1 LLZLZEC [BEGS0'L PTIEL I i ] ' LB0E b b IE |GZOROS S [E1
GSELITDE 9 |eviSL0E |L9GEERS |WSLMD'LE S lZieiTe i SLLLTDE oE LLE [EEFDSSS
0E ISLrl5LD |8, IBERS (2960 LE = b e 9 I e G
BT ] € [ISFSrES e b [ ‘WE JLALISES
[l [EFa]e o ]
LIDG0E L ¥ LIBISET e 19 |voEEEE e LILLD (@
0% |4 s LLISTE 1 i [T B
WO [LLOvIED [rOFl i ™ GRS EZ_|¥ L5969
.3 b LG [9150) | 1 ‘B [LLrrl BT [ER050° L
\BEE O |99LEE GLID0G |t ! ¥ / V8 LT |STET L
LY 'OE_|LBPOL0D | ’ 8L _|BAL 8L i L o) ! (Wil |
[T W OC |0000  [SL966°LF i ; . ! A I (Eaa 'S |PEEES LT \IGBE |LIE90R L |T
3 9 [IBLICOE |CEZLECD | ] EDLOG LE 1T i) i "L [IBVIEL i Al
£2L =]} 83 } Vs IS bl




‘(IA€d) L661 01 - 6 Sun[ WOy ABg 1095qOUIJ Ul £AINS [eATE]
oy} Suunp yBnes (w) yydop pue uones £q suswaInsesw (D,) I, ‘wunessdway pue (puesnoyy sod sured) § ‘Krunes g 21quL

TN G | O (T
DOZLLLE |IGIERE S |srerLLE
EvIOLIE |110698 G |SLEELIE
ISELOL1E |Sees s LLEFLLE
LIE0LIE [ripiESS LrllE
ET A T N 9 FiIE
GLLLE [ L IE i3
i3 9 [esliLie [ 3
LlE LbIE LIELLE e
IZEILVE L7008 " IE i3
Ve |riEv00 IE L W
L LE |LLPGLOD |2 IE 1 BLi
IE [T LLE g7 150FL LE
L LE [I9LSI0'9 |SYOE0LE LM L IE HOLFL'LE LIE
I¥ |C0691LLE (6200 (vELBOLE [BLZECD |BWZLIE 7 ;
PSLO0F |ZrILL bE [LWZ0FP0 D |PHGBOLE |EEDEED |FELHIE LOGLL bE |PLESFL IE
[ N ) VG |1 ISOTED [VEEZLIE % 'S |EBZL
BE [BAFLLE [LMABL0D ‘LE i |6a601 ) i r
P00 LC  |wo6ck LE |SRO0L'S [EOLL LGEC 9 |PSSELL b W& 'S (4511
LB GE_|9C5Ch bE [CE0ME D |OLEBOIE D _|G60LE IEG |LLvS IED k| g IE
LVBEEVE [GO0LE VE 1904418 I FLEELES [SIB9ETE Lk \_Bnﬂ,:" it | )
L LOVEEE [BZYLO'LE |ZOE6L" 'IE |SZRGEED [RIVGO'LE |4 GLLOL : [MEL9 T T3
|FEERZE  [CEDWD'LE ‘D |PIEG0LE JLLELFFD |TCIBOLE H LLLE ] ¥EOLLLE
ZICEE |TPOLOLE |SLLBE 'IE [9:0vr9 [LEE0E 1 LIy i i3 T3 [T
ISE0 ML |G5L00 LE JELlI6Z 9 IC [SkOvrD [90LI0°IE i3 L00'L 5 [z50t b
PELEE DL | Foelk 9 LE [i9rD iE |1k 1 VOOLD b i
LIED 1 ! IE i ] I i
i WES  leaal b 13 i3 o G |FEED IE ! G [LOFFL L
TBEL AT _|vosE0E I 13 i 5 e
LL¥O5 ST |BTICEIE i) LERETTE Ers i VESZID'} VIE_(vh
v |IISIEOE |LLISSES 2589 |[ERI60E S LMD LE 5 rLL e
Ly |ISR060E [6ZLK o ¥ 1 i3 VIE
EC |es1eaDE [11E2vrD i '3 Y 13 IE¥LLE
L |[Serg e L [T71 L0L69 _|LIEYGTE L FL¥CL IE_|I Bl “LE [¥LCh
! [ LSS i _ LFBEETE [LLE S T T3 109 [BL1LL ¥4
1796/ 0 [E0H5 6 T3 L |IZIETE 7 P 3 El 5] ELLE
LO¥FEEL |Z00810E £ T [ e . STRITOE LIS 1D (80510l : D [ES6ITIE | 1T
‘Bl |EEESL0E |ELrLEE S [S@LFE DL L L |8Z5IE0E L |l LSS ELLIBDE LAE [MLABFED F 9 |8aLELLE [Fb
Evi00°LL |IPGEITE [LLLERL 1 L |IIzEeE L6085 DE } bIE LLLL \B6GY 5al e FLE [LFFL
CEDSGL |S9ErL O |GLE8E0 ; [BELZZ L |SOZEeCE d i LE i 189
PZL'GL  |ZevBODE |EBBZSO0L (LI Iz L¥aDE L |LLLE LPGE8'0E ) 'S |@9r0d’s i I
LLLOL FL [EROLGOE |EETOST L |Eee'0E 7 LLE I '8 |9PELETE 1E8'9 |SLE9R0E [I5)
IBZE0EL |ZEELYOE |ZERSTL 1 LLOEZY 'L 9E9G |96G68 GROTOLD |rPIrBOE [
8.00T) |ESELPDE |LIPICE' L 1 BLIGL0E [N VE |LBBE0.0 |LrBIB0E I L O
CRLBOLL [LEBLE L b L ‘0E 1 LLTDE [BLIk i i
L |ETHETDE GF | L JLISTR0E b O 1EBLL b 71 1 e oe
] 44 "L 'L L0E ! TN ¥ L |seoTT e |GEL
9 |{BLFl OC |CREZRY L [Mae "L |WSGITE 9 ! I 'L [£0€L0E ! A
i) ICEEL_ |DVOLr L b : [3 ; 1 o
1900 70004 BT § L |esisk FLEBL L |LI0LBE [V H T Bl |ELY
i (14 i [n] r i ¥
¥ 9 FSSELDE 14 1 L'BE Lrgrg 4T
WLLE |#ELi0eT [] i el L ¥ 'L 8 FLIVEEE |FeeS BT
TTse 0L iSO i I ik ¥ 6 |V LALIYE |TIGFEL v
0l 0l i ik ik 151 I3 i
La:TH - k Svl gvl e 4] VS v, 1 7




T by

LE Ve L
7 -
VZED'LE I
I50E
]
L
15551
e L ¥
LriB0E ]
LIBTE L ; i
IZVSRTE g
b |
rLEGE LBE'L
ZCRDE ToELL
LEE0E
¥EO0E OE [ 190 LE El 3
LIRSS i —
OE i
0E £ \EIEOE
e Fals T
0E K]
e IS9IBL
e [ess0e y
i 1
L 7 :
i 1 |ieveane i Al
! Z¥Es) o€ [rZIEEE 1
I3 ; o€ [Zi085 — 5.5850E LI
LE90E b Y EIEES 0T G ‘0E
DE _|EWDS FIETE 1E 68
S¥ELLOE . € |95068'y  |60S60E ‘0E
0L Jvry € " EF_E
S1501 08 [etvon : : H e e ¢
ELSOL Ar i LE b
OE_|EEVBOE L | 4Pl i _
0E JLb 9 [Zi198
O _|59r5L ¥
FZLZSTE OF_|e5L9 L
ISFETE 3 g 7
I3 Ld o LT R
e TESER0E i 3
OC_|PicE LT
T VG |LLBSR) L |vesor e 74 [T i
LVGITY TR i
b LEELL |SPiE {
1k
Fos (=] 08 ]l ] T ge3 eS|




(IIA€d) L661 ‘ST - ¥Z dun{ woy Aeg 1095qousg ut ASAINS [ease]
ay3 Suunp jy3nes (w) yidep pue uones £q syuswainsesw (De) L “2ameiadwa) pue (puesnoyy sod sured) § ‘Anunes 6 JIqeL

(YTF 4T L oC
LREOT | L 1z 5
SELE L birrE L k €5
LLE ¥l b 5
TEELT L L 4] [
FEDZZLE [TLIMEL B s
] [F4°]
b 1 i
3 L |eviil L iy
[SOZEZ'LE 1T0RL 7] ] El
% TN 7 I GF
LE L N ] L Lid
SZZZ LE L | i i IEF
___.Enﬂ i 7
IFEEL I L 1 9 W
LBEZ L 7] i 7] il Jow
LLETLE JIRG0S°L  |90981 LE L PO
W "L |ecsEl ) b [F4] . — L EBD
BLLZLE L i 71 ‘s b ‘e _mﬂ.u_H__E 9 €
3 - N 7 LIEL ') [ | FZ00L- 9 o€
LVBLLLE yan:=T L ' \E 1L ¥ ]
I TR b L Ik 7 IO 3
e |STerL  |ivigi g I ] 1L 'L IS 1 1E {1 ]
ERLITIE i b b (K] b i 'LE £ i Ll (3
SZTLOLE [90L6T°L |STEEL'LE 29961 'L L'l b FEFEE D E L LE ID'LE L JIE
BIBGETUE |WL0IOE L |6C9LME |LLIBBT B L'b ¥l b VISDLE / 1BGFD'LE "}
GOLBEDE [CCvObE | |906vL LE [ ¥4 L £ 'l j i ’ I£ SEISOLE L
SZZBEUE |FLBLED L |POFOZLE |PEOSE® [CR00ZLE |SBLFEL ] SLES0" IE £ 9 |LEFPRD LS YTy m
0C "L |ze0aLiE " T i IE £ IT g
ToE6 O L [FIZEC I I P £ IE
L |ioLes LT [90LEL'LE i b i ] [
E9BES 0E L6102 L [PEELIE are ! Bl i g \ZO'LE [Fb i Vi |vE
GLE6GE "L_|CEoELLE |PIESE  |EBTaL'L q_|r i e » e b GLZED | £Z
LDGGE 0T |6POC°L  |Z8FEL'LE G098 |OSERL L LESFER ‘0E_|rLiv'e i3 i] 14 '0€ |LGTED, ERFEDLE SOZED'LE 1 [ 4
: ’ 1561 LE |LLCERD R Vb L i £ _|EBi80L OE (¥l L]z
"I |TOMSB0E L_¥aLE ] LIE 'LE ¥ e i i
L [reEea e 1002 1 1L i YESL0 ! IE TR
i FEOLEOE i 1981 °1E B ! Fil§ i (¥ LEB0E . L
7 LIE b o 'LE ' LpE0E Ll o
"L [GERIBOE [S2HOT9°L |TELPE 526 |0Li60 129 LESS L 1104 L I : L5
"L |GEEGLTE 'L |ezEcht ‘B |ZZ} B "L (b0 ! I . ‘0 8|St
‘L |IZ8R90C |CRCHOE'E |ZL000'LE |LLDD'S 'Ok EEQLEDD L' IE [Birirl Q05508 WER [l
"L |CO0L90E ({9166 [TEVD'LE [FBLE9E [7ovwE OC [LBEGI DL ISEEE {3 LS |GTL0LE i e
L |esses 1898 3 D€ 1990 ™ |b e [
oor O 16 | 46506 0 3 OC_[BCLE DL vELEL B 1 3 OE [1BEL ¥ |LieS (A
13 B |LCHE [} o OE i 01 0k
ET4 6 |IviER 1 0k ! i i i T 0L |8
L FAET 0k LLOL LB i OE [LLE0aL L I8
G0 ‘B (BL0GL VZRZ 0L ‘Ob_[5h L [ OE_|prd| VZ80'0L 6E | |FI505 T IL
20LvE G ED LLLEDE LLL i { i Z5EYL { i T
B [L5E0C ol b Lk b | 1 ] Zi ] b {hrS0E L5
8L _|i [ T LD 1 (TR [T (T[T ' ik €h_|Co06r L¥E ¥
i LLEE L i =T B [T [=3TF i b ¥L
i T b L ¥ Ll i Loaz L BT ] b LICTY ] ‘v L'BE i |2
LBE  |GIPE 0L |BSEr BRELE Th 7 L'ZL ' Th 'BL i ‘Wi L L b
¥as el 8l S¥1 Ve Svl ¥ (17 (A Ivs 1 \ve _Ea




e

314

A0118) 3

11,3525 27,
E ; 1.
7 064071

Paga 2

a1T




